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Abstract

Tihe rules whichy construct the electrical safety envelope
for lasers at DOE facilities will' be stated. Tihen several
electricall safety technigues will'be shoewn that apply: te
commercial and R&Drlasers. Examples off how: teruse
grounding, boending and guarding will'be given. Failures
of water cooling that may: lead to' shocks will' be detailed:
Human response toe shock will be discussed.

Author Biography.

Gary. R. Dreifuerst is a retired electronics engineer: from Lawrence Livermore National
Laboratory (LLNL). He jeined LLNL in June 1981 after: receiving his EE PhDD degree
from the University: off Wisconsin-Madison.

He worked in the LLNL Laser programs (Shiva, Novette, Nova, AVLIS, NIE) for 32
years. Gary: was the Electrical Safety: Officer for the National Ignition Facility: and the
chair of the LLNL Electrical Safety: Committee.
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LLTA Family: off Standards
ANSI Z136 Standards

L.atest Publication Previous Publication Dates

ANSI Standard Date (and Notes)

7136.1 1973, 1976, 1980, 1986, 1993, 2000, 2007

7136.2 1977, 1988, 1997

71363 1988, 1996, 2005
Z136.4 (RP) 2005

Z136.5 2000

7136.6 2000

Z136.7

7136.8

7136.9

7136.10

. Laser Institute
v of America

Laser Applications and Safety
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DOE Rules that affect Lasers

DOE ismandated by 10CER851 to follow: several

standards and laws — GDC already makes this true

= Under section'5 of the OSH act, there is the “General Duty: Clause”,
whichis cited by OSHA to bring inia recognition by:a nationall standard
of: a risk in the workplace. (Look for “GDC™ in the following slides.)

Eachremployer shall furnish to each of his employees employment and a place of
employment which are free from recognized hazards that are causing or are likely to
cause death or serious physical harm to: his:employees - 29 USC 654.5

OSHA Letter of Interpretation Botts 20061018 — GDC explanation

s OSHA — 29CFR1910— this also applies tormany: businesses in the US,
not just DOE

Subpart S — defines Electrical Safety: for Generall Industry.

It defines the meaning of “Acceptable™ applying to; the three types ofi
evaluations that could be applied toequipment: for safety.

x NRILE examination — 1910.7

= Local inspectioniiffno NRTL looks' at this type of equipment

= Custom made for one customer with test data to prove. it

It also defines “Approved” as being acceptable to the AHJ

2014 EFCOG LSSG Dreifuerst slide 4 of 37



DOE Rules that affect Lasers

= NEPA 70 — National Electric Code — each state and' city: may.
modify this before adopting it. Once adopted, it is law.
Defines the AHJ

= An organization, office, or individual responsible for enforcing the
requirements of a code or standard, or for approving equipment,
materials, an installation, or a procedure.

= Unapproved equipment is not allowed to be energized
= Each DOE facility: has an AHJ structure. Some are more extensive than
others.

= NEPA 70E - Electrical Safety: in the Workplace — optionall for:
many companies, but OSHA will use GDC to bring It into the
conversation.
Emphasis is on performing all work in a de-energized state
Approach distances based on voltage and type of electricity: (AC/DC)
= [LAB, RAB, PAB (Limited, Restricted, Prohibited)

PPE required for shock (RAB) and Arc Flash protection inside the

AEB (> 1.2cal/cm”2 or 5 J/cm~2)
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DOE Rules that affect Lasers

= LIA Z136.1

Just like for 70E, this will'be optional for many: companies, but
OSHA will'use GDEC to bring it inte'the conversation.

|;aser: electrical safety: issues are not extensively addressed by the
ANSI 136.x family: of: documents. They: fall'under the category of
“Non-Beam Hazards®, Section' 7:and Appendix F.

LOTO, to secure hazardous energy. — is mentioned in 136.1-2007,
= 4.3.4 Key Control (Class 3B or Class 4).

= All energy sources associated with Class 3Bror Class 4 lasers or laser:
systems shall be designed to permit lockout/tagout procedures reguired
by the Occupational Safety: and Health Administration (OSHA) ofi the
U.S. Department of Labor: (see Section| 10 for: reference).
What about the other laser classes?
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DOE Rules - NRTLs

Some of the NRTI. symbols used

Typical NRTL Certification Mar

APPROVED
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DOE Rules - NRTLs

Organizations Currently Recognized by OSHA as NRTLs
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https://www.osha.gov/dts/otpca/nrtl/csa.html
https://www.osha.gov/dts/otpca/nrtl/csa.html
https://www.osha.gov/dts/otpca/nrtl/csl.html
https://www.osha.gov/dts/otpca/nrtl/csl.html
https://www.osha.gov/dts/otpca/nrtl/csl.html
https://www.osha.gov/dts/otpca/nrtl/fm.html
https://www.osha.gov/dts/otpca/nrtl/its.html
https://www.osha.gov/dts/otpca/nrtl/met.html
https://www.osha.gov/dts/otpca/nrtl/ccl.html
https://www.osha.gov/dts/otpca/nrtl/ccl.html
https://www.osha.gov/dts/otpca/nrtl/ccl.html
https://www.osha.gov/dts/otpca/nrtl/nsf.html
https://www.osha.gov/dts/otpca/nrtl/qps.html
https://www.osha.gov/dts/otpca/nrtl/sgs.html
https://www.osha.gov/dts/otpca/nrtl/swri.html
https://www.osha.gov/dts/otpca/nrtl/tuv.html
https://www.osha.gov/dts/otpca/nrtl/tuvptl.html
https://www.osha.gov/dts/otpca/nrtl/tuvam.html
https://www.osha.gov/dts/otpca/nrtl/tuvpsg.html
https://www.osha.gov/dts/otpca/nrtl/ul.html
https://www.osha.gov/dts/otpca/nrtl/ul.html

DOE Rules — NRTL — UL’'s symbols

UL Listing Mark

€ - UL Listing Mark
C - UL - US Listing Mark
Classification Mark
C - UL Classification: Mark
C — UL - US Classification Mark
Recognized Component Mark

.-

Canadian Recognized Component Mark
Recognized Component Mark for Canada and US & A “
Field Evaluated Product Mark
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DOE Rules - Not an NRTL —
but often seen

Conformite Europeene

A CE mark Is self-certification by the manufacturer, not
3rd party evaluation toe'a nationall safety standard. It is a
NEecessary mark for European commerce.

Tihe product may be very good, but CE is not a US NRTL
mark and the AHJ'should not accept it without further.
examination.
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Tiest Yourselff — Ebay Product & Nameplate
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DOE Rules - Enclosures

Enclesures provide electrical protection of the exposed
terminals andl single-layer insulated wiring.

s [Lasers frequently need to be adjusted while eperating and
therefore energized. Use metal or di-electric guards
(polycarbonate), to protect the worker fromi those hazards. This
makes, the task one without possibility of shock exposure.

= High energy: lasers require enclosures to protect from Arc Elash
and Blast hazards
Thisimay. be in the form of entire rooms (Capacitor banks)
s To qualify under OSHA, wWarning signs must be present and a
tooll must be used te expose a Worker to a hazard.

Tiool could be' arscrewdriver to remove asmall guard or a key-lock
system (Kirk) for access to a enclosure or room
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Enclosures need Warning Signs —
Caution NEMA Z535
s e | /N CAUTION

It may: alse be usedito alert against unsafe practices Neutral is Fused with
1 x 1A Slow Bl
that may, cause property;damage. x 24 Slow Blow

Green Wire is used for
DC Power Eeturn

Warning

= Indicates a potentially hazardous situation which, if not
avoided, could result in death or serious injury.
Tihis signal word should not be'used for property.
5 3 . - 120 VAC Exposed
damgge haz._a]rds un_Iess personall INjury. risk appropriate Enerey Storaae of 547 at 170 VDC
to this level is alsoinvolved. Allow One Minnte After Unplugging Unit

Before Removing Cover

No User Serviceable Parts Inside

Danger
= Indicatesian imminently hazardous situation which) if;

not avoided, will result in death or serious injury. A D A N G E R

Tihis sighal word is to be limited to the most extreme

situations. This signal' word should not be used' for 480 VAC Exposed
property. damage hazards unless personal injury. risk Fnerey Storage of 10 kT at 630 YDC

g 3 5 5 Allow One Minute After Unplugging Unit
appropriate to this level is also involved. Before Removing Cover

No User Serviceable Parts Inside
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Enclosure — Cap Bank Exclusion Area

Capacitor Ba‘;n,lg,_ Failure
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Enclosure — Dumps must be
Observable
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Flash Protection Boundary R&D
Capacitor Banks

Arc Flash Protection Boundary
Onset of second degree burn

10000000

FR PPE Required

1000000 18 inches

100000 \

=
>
o
S
o
c
L
°
@
S
o
=]
n

54

Working Distance [inches]

2014 EFCOG LSSG Dreifuerst slide 16 of 37




Enclosure — External Connectors must

be Guarded
10 kV Chassis Connector Nightmare
1"/" A :
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R&D HC Grounding & Bonding

NEC is deficient for Pulse Power and lrransformer:
Isolated Current-limited |Loads
s Specifies grounding conductor size to cause primary. overioad to
open during primary. fault enly.
Usual fault is primary:insulation failure
= Primary’ overcurrents are not necessary: during secondary faults
Overloads will not open
Primary. circuit isfoperating within normal current levels
= Normal large load currents will'damage equipment grounding

COnAUCLor:
Must only exceed the 17T rating off the conductor to cause melting

Must only’ exceed the insulation temperature rating (90 degC) to
cause a fault

Can be DC or pulsed current

2014 EFCOG LSSG Dreifuerst slide 18 of 37



R&D HC Grounding & Bonding

NEC — soelves primary. fault to case

C12AWG
Subpanel

20A Low Voltage High Current 20

= Power Supply
120V | /

12V 200A

Load

g High Current
9
[\ / % Metal Structure (Laser Table)

/
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R&D HC Grounding & Bonding

Problem when fault is/to table from PS output

C12AWG
Subpanel
20A Low Voltage High Current 20
~ Power Supply
120V | /
U 12V 200A
g ( High Current
. 4 Load
[ > =& Metal Structure (Laser Table)
2AWG

/

2014 EFCOG LSSG Dreifuerst slide 20 of 37



R&D HC Grounding & Bonding

Solution 1 — Bonding off |.oad to PS

Subpanel
20A Low Voltage High Current

\Vj
g High Current
Load

. 20
4 ower Supply
120V | /

. ( 12V 200A Q&

[ > =& 3 Metal Structure (Laser Table)

S
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R&D HC Grounding & Bonding

Solution 2 — Transfermer Inter-winding Shield allows
Secondary. to float

e  Secondary may be Floating
Subpanel
20A Low Voltage High Current 20
N\ Power Supply
120V | /
( 12V 200A Q&

g l/ High Current

Load
[ > =& Metal Structure (Laser Table)

TR
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How do you boend additional llaser Tables?

s For the AC standard hazard (branchrcircuits fed by a pewer
panel), size the bond from NEC Table 250.122

s For Pulse Power or HC power supplies, bond using the full-rated
conductor from NEC 310.15(B)(16)

Subpanel

20A

E /@)

R&D HC Grounding & Bonding

LENL uses 2:AWG or 17x1/16™ copper strapifor bonding at a
MINIMUM or Under engineering supervision for small tables:.

Low Voltage High Current 20 _

120V |

%
iz

Metal Structure (Laser Table)

Power Supply / ,/
12V 200A
g ( ) High Current
Load
v} Oa
tMetaI Structure (Laser Table)
/
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Grounding & Bonding

Most confuse Bonding with Grounding. Almost all
connections In the electrical world are actually boends.
From the NEC:

= Bonding - The permanent joining of metallic parts to form an
electrically: conductive pathi that ensures electrical continuity, and
the capacity. to; conduct safely any: current likely: to be imposed.
The purpose offbonding Is to establish an effective path for fault

current that, in turn, facilitates the operation of the overcurrent
protective device.

= When you use water cooling of laser components, the water
piping and tubing must be considered as a possible electrical
conductor. e bending s usually' accomplished! by passing the
water supply: and return through a metallic element that Is
bonded to the enclosure frame.
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Bonding Failures (by Design)

Anodized surfaces are not valid bonding connections.

Aluminum that'is treated with irridite’ or alodyne process
(MIL-C-5541E, class 3, color golden) can be treated as a
conductoer when bolted together. Otherwise the natural
oxidation process makes an unreliable connection.

[DOor NINGES are never a valid electrical’ bond.
Sheet metal fasteners are not allowed.

Painted surfaces require stripping or special penetrating
WaShers.
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Bonding Failure for Water Cooling

A concentric cooling jacket on a glassilaser tube became
energized due to a gasket failure.

Tihe tube filled partially with water and the laser
continued to eperate until the low: water level sensor:
tripped the interlocks.

During that time, the cooling hoses to the external chiller
Were energized at the anode potential.
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Bonding Failure for Water Cooling, p2

Sketeh for system layout of a typical CO2 laser

Water Pump
System

—— High Voltage Lines

Powwer Vacuum/Gas Lines

Distribution — A0 Line Yoltage lines To power Distibution
Fanel m—— Cooling Water Lines Panel

Image credit: Jon's Lasers
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Bonding Failure for Water Cooling, p3

Water becomes a distributed resistor grid, which must
be bonded to the grounded frame of:the laser head
enclosure.

s |.aser tube has a breakdown to the cooling jacket

s \Water hoses now: are at the HV of the tube

= Constructing the enclosure with'bending feedthru connectors or
a water manifold eliminates the shock risk

Water Cooling Jacket r AN Tl ¢ A COOIing
: - Chassis
WA - l WWY
Ewesurl Laser Head Enclosure - = JT_
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Effects of Electrical Energy on Man

Effects of Electric Current on Man [mA], Dalziel 1961

DC, see note

Effect Men Women
Slight sensation 1 0.6
Perception 5.2 3.5
Shock-not painful 9 6
Painful Shock 62 41
Painful, Let-go 76 51
Threshold
Painful, Breathing 90 60
Difficult
Possible Ventricular
Fibrillation
3 sec shock 100 100
Short Shocks for 165/sqrt(T) 165/sqrt(T)
T seconds
HV surges 13.6] 13.6]

Note for DC tests: Tests using gradually increasing direct current produce sensations of internal heating
rather than severe muscular contractions. Sudden changes in the current magnitude produce powerful
muscular contractions, and interruption of the current always produces a very severe shock. The muscular
reactions when the test electrode was released at the higher values were objectionable and sooner or later
all subjects declined to attempt higher currents.
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Let Go Currents

E
WI(?U.RE 1. Let-go-current distribution curves for men and
men (at 60-Hz commercial alternating current) FIGURE 2. Effect of frequency on let-go-current for men.
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‘Measurinc Let Go Currents

> Let Go of 12 mA
., llet Go of 17.6mA

~ 2mA above Let Go
~ Dalziel getting data

iy ALY i a',n;_ 594 RErks
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50 V safety rule
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Electrical Hazard — AC Shock

3.1

APPROACH BOUNDARY ANALYSIS FOR 60 HZ AC

Approach boundary analysis (including the determination of the Limited, Restricted, and
Prohibited Shock Boundaries) is based on the phase-to-phase voltage of the exposed

conductor. Approach boundary tables are found in NFPA 70E for 60 Hz AC. Table D-4 is taken
from NFPA 70E, Table 130.2(C).

(1)

Nominal System
Voltage Range,
Phase-to-Phase

(2)

(3)

Limited Approach Boundary

Exposed Movable
Conductor

Exposed Fixed
Circuit Part

(4)
Restricted
Approach

Boundary, Includes

Inadvertent
Movement Adder

(5)

Prohibited
Approach
Boundary

=50

Not specified

Not specified

Not specified

Not specified

50-300

3.05m (1007)

107 m (36

Avoid contact

Avoid contact

301-750

3.05m (100°)

107 m (36

3048 mm (107)

254 mm (017

751-15kV

3.05m (1007)

153m (50

660.4 mm (227)

178.8 mm (0°7")

15.1-36 kV

3.05m (1007)

183m (6'0")

787 4 mm (277)

254 mm (0"107)

36.1-46 kV

305m (1007)

244 m (807

8382 mm (29")

4318 mm (1'5)

46.1-72.5kV

3.05m (1007)

244 m (3707

10m (33"

660 mm (22")

726121 kV

325m (108”)

244m (8707

129 m (347

838 mm (2'9")

136145 kV

336 m (110")

3.05m (10'0")

1.15m (3107

102 m (347

161-169 kV

356 m (11'8")

3.56m (11'8")

129 m (4'3")

114 m (39

230-242 kV

397 m (130"

397 m (1307

171m (58"

157 m (52

345-362 kV

468m (154"

468m (1547)

277 m(92)

279 m (88"

500-550 kV

58m (190

58m (190"

361 m (117107

354 m (1147)

765800 kV

7.24'm (239")

724'm (2397

484 m (15117

47 m (155"
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Electrical Hazard — DC Shock

5.2 APPROACH BOUNDARY ANALYSIS FOR DC

(1) | (3) (4) (5

Nominal Voltage Limited Approach Restricted Approach Prohibited
Conductor to Boundary Boundary, Includes Approach

Ground Exposed Fixed Circuit Part Inadvertent Movement Adder Boundary

1 00-300
300-1000 v

5 1 kV 53 m (5'0") 6 2 178.8 mm (07")
431.86 mm (1'57)

4f V75 KV z"'rm {30"; aar.04mm m(22)

i TTmEs {Tomi7

6 m (200") 36m :,11’10“) 35m(1147)

8m (260") 5m(16'5") 5m (16'5")

Notes:
1.The symbol * is used for feet and * for inches. Thus, 3’6" means 3 feet, 6 inches.
2_All dimensions are distance from live parts to worker.

3. Voltage is conductor to ground.
4. Exposed Fixed Circuit Part means that the bare conductor or other circuit part is stationary and does not move.

5.The voltage ranges were simplified from NFPA 70E. Conservative values (e.g., the higher values) were chosen.

6. The distances were rounded up to generate simpler numbers.
7. Boundary numbers are < and >. For example, <100 V is not a DC shock hazard, =100 V is a DC shock hazard.

Table D-5. Approach boundaries to energized electrical conductors
or circuit parts for shock protection, DC.
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Inside the Restricted Approach Boundary.
Energized PPE is Required

Class Proof Test Maximum Use

voltage \oltage
AC/DC AC/DC

00 2.500/10,000 /750

0 5,000/20,000 /1,500

1 10,000/40,000 /11,250

2 20,000/50,000 /25,500

3 30,000/60,000 /39,750

4 40,000/70,000 /54.000

2014 EFCOG LSSG Dreifuerst slide 35 of 37



LSO Electrical Safety Resources

DOE Electrical’ Safety Handbook —
General Duty Clause -
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http://www.nfpa.org/
https://www.osha.gov/pls/oshaweb/owasrch.search_form?p_doc_type=STANDARDS&p_toc_level=1&p_keyvalue=1910
http://www.ecfr.gov/cgi-bin/text-idx?tpl=/ecfrbrowse/Title10/10cfr851_main_02.tpl
http://energy.gov/ehss/downloads/doe-hdbk-1092-2013
http://energy.gov/ehss/downloads/doe-hdbk-1092-2013
http://energy.gov/ehss/downloads/doe-hdbk-1092-2013
http://energy.gov/ehss/downloads/doe-hdbk-1092-2013
http://energy.gov/ehss/downloads/doe-hdbk-1092-2013
http://energy.gov/ehss/downloads/doe-hdbk-1092-2013
http://energy.gov/ehss/downloads/doe-hdbk-1092-2013
http://www.gpo.gov/fdsys/pkg/USCODE-2010-title29/pdf/USCODE-2010-title29-chap15-sec654.pdf
https://www.osha.gov/dts/otpca/nrtl/nrtllist.html
http://database.ul.com/cgi-bin/XYV/template/LISEXT/1FRAME/index.html
http://ulstandards.ul.com/standards-catalog/

50 Joule shock

Following the advice in the preceding slides, you and
your co-workers should never be exposed to:a shock

from your eqguipment.
Just as a reminder, even small snocks are painful—here

IS @ reminder

Atrial Eib Treatment with a 50 Joule shock

Tihis IS the energy that many. of your smaller pulse lasers

Operate: at.
s Example — at 10" Hz that would' be'a S00W: electrical pump
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